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Abstract 
This paper examined the volatility spillover effects between futures market and spot market in China, using 
both VAR model and TVP-VAR model. This study found strong bi-directional volatility spillovers between 
CSI futures and spot markets, and the change of futures’ volatility decreased the change of spot market’s 
volatility. This results support the hypothesis that the risk management function of the futures market could 
calm the whole market when new shock comes. The innovation of this paper is to capture the dynamic of the 
relationship by using the TVP-VAR model. The empirical results show that the influence of futures market on 
spot market enlarged as time passed, especially at the third quarter of 2011. After that, the relationship became 
stable.  
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1. Introduction 
The Crash of October 1987 in the US stock market and its impact on other stock markets overall have 
motivated the growth of academic researches on the transmission of volatility across different markets1. Since 
the introduction of index futures, a huge number of researches have concerned about the relationship between 
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the futures market and the underlying spot market. To what extent the volatility of futures market could 
influence the volatility in spot market, or opposite.  
According to the efficient market hypothesis, an efficient market should response simultaneously to any new 
information, both in the spot market and in the futures market. However, in reality, different market 
microstructures, transaction costs, liquidity or other restrictions, may reduce the efficiency on disseminating 
new information, then produce lead-lag relationship between spot and futures markets. Understanding volatility 
spillover is important for predicting future volatility in both markets2. 
Researches in this area can be divided into three streams. A lot of studies have suggested that futures 
markets play a more important role on volatility spillover than the spot market, because of lower transaction 
costs and lower margins3-6. The advocates of futures markets argue that the future market could provide 
important information to investors on subsequent movements in the spot markets, helping them in managing 
the risk exposed in spot markets7-9.The second stream proposed bi-directional volatility spillover between the 
futures and spot markets10-14. Meanwhile, some researchers found no volatility spillover15, 16.  
In this paper, we focus on the volatility spillover between CSI index futures and spot market by using high 
frequency data. Compare to daily data, high frequency data contain much more information about the market, 
such as the intraday changes and the market microstructures. Earlier researches in this area used GARCH 
model to capture the volatility characteristics of the markets. But most GARCH models only applied to daily or 
weekly data, not suitable for analyzing high frequency data. Therefore, in order to capture more information 
about the market, this paper calculated realized volatility, which was proved to be a better proxy for volatility 
under the high frequency circumstances17, 18. 
Another extension of this paper is that we used the TVP-VAR model, which could provide time varying 
relationship among different markets19. Exiting researches on volatility spillover are mostly concerned about 
the relationship at one given point. But there is strong evidence that the relationship between the two markets 
differ because of the changing of restrictions and market rules. To better evaluate the dynamic characteristic of 
volatility spillover, this paper applied TVP-VAR model, which is the first time used in Chinese derivative 
markets. 
The rest of this paper is organized as follow. Section 2 introduced the data and provides the descriptive 
statistics of high frequency data. Section 3 introduced TVP-VAR methodology. Section 4 provided the results, 
and several conclusions are discussed in Section 5. 
2. Data and descriptive statistics 
2.1. Chinese CSI 300 spot and futures markets 
The Chinese CSI 300 stock index is one of the most reprehensive indexes in Chinese stock market. The CSI 
300 stock index is a capitalization-weighted index composed of 300 largest listed companies in Shanghai and 
Shenzhen stock markets. These 300 stocks account for approximately 80% of domestic market capitalization. 
 CSI 300 index future is the first financial future in Chinese capital market, the underlying asset of which is 
the CSI 300 stock index. CSI 300 index future was listed in April, 2010, the trading volume of which has 
rapidly become one of largest around the world. Table 1 presents the descriptive statistics for CSI 300 futures 
contracts. 
2.2. Descriptive statistics for sample data 
One-minute data was used here. From August 23, 2010 to June 21, 2013, there were 681 trading days in 
total. The daily trading time was 9:30-11:29 am and 13:00-14:59 pm (There were 240 minutes each trading day, 
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exclusive of the 15 minutes before the spot market opened and after it closed). Thus there were 163,440 
minutes.  
The 240 minutes on each trading day were divided into four sub-intervals and the realized volatility within 
each sub-interval was calculated, respectively. The realized volatility is a better way to measure the volatility of 
high-frequency data. Andersen and Bollerslev20, 21 offered theoretical explanation for “realized” volatility: As 
long as sampling frequency is high enough, the realized volatility can infinitely approach the integral of the 
instantaneous volatility within the sample interval. Integrated volatility is a natural dimension of the volatility. 
Meanwhile, realized volatility is simply structured and doesn’t rely on the model.  Thus realized volatility was 
employed here to measure the volatility. It is formulated as follows: 
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Table 2 shows the descriptive statistics and the result of the unit root test for both the realized volatility and 
the first order difference of the realized volatility. According to skewers, Kurtosis and J-B test results, the 
realized volatility series show a higher peak and a fatter tail than that of normal distribution. Panel B of Table 2 
provides the result of unit root tests, both in ADF test and PP test. The results reject the null hypothesis of a 
unit root at 1% levels of significance. Therefore, all the realized volatility series could be regarded as stationary 
ones. 
Table 1. CSI 300 stock index future contracts 
Contract Elements  Specifications  
Underlying CSI 300 Index 
Contract multitier 1 index point=RMB300 
Price quotation index point 
Tick size 0.2 index points 
Contract months the same month, the following month and the following two quarter months 
Trading session 9:15-11:30 am, 13:00-15:15 pm 
Trading session on the last trading day  9:15-11:30 am, 13:00-15:00 pm 
Daily price limits ±10% of the previous trading day’s settlement price 
Minimum trading margin 12 percent of the contract value 
Last trading day the third Friday of the contract month and will be deferred when a statutory holiday 
falls on the day  
Delivery date the same as the last trading day 
Settlement method cash 
Ticker symbol IF 
Exchange CFFEX 
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Table 2. Descriptive statistics and results of unit root tests 
 Futures Spot 
 RV ' RV RV ' RV 
Panel A: Descriptive statistics 
Observation 2724 2723 2724 2723 
Mean 3.90E-05 -7.75E-09 2.44E-05 1.64E-09 
Max 0.000835 0.000782 0.000939 0.000918 
Min 5.36E-07 -0.000738 1.56E-06 -0.000920 
Skewness 7.102130 0.628486 9.948980 0.165785 
Kurtosis 75.41066 49.02570 140.6173 74.71264 
Jarque-B 618014.8** 240525.4** 2194459** 583494.9** 
Panel B: Results of unit root tests 
ADF -6.920091** -18.40772** -10.10731** -18.30215** 
PP -56.57999** -246.7157** -56.71559** -338.3654** 
** indicates the rejection of the null hypothesis at the 1% level of significance 
 
Fig. 1(a) displays the dynamic of CSI 300 futures realized volatility from August, 2010 to June, 2013. The 
figure show that the realized volatility varied from hour to hour dramatically, that may because of some 
information shocks. Fig. 1(b) displays the first order difference of the realized volatility, which means the 
change of the volatility. This series shows the ability of adjusting. Fig. 2 displays the dynamic of CSI 300 spot 
realized volatility and the first order difference of it, which show the similarity characteristics to the futures 
market. 
 
 
Fig. 1. (a) realized volatility of index future; (b) change of realized volatility of index future 
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Fig. 2. (a) realized volatility of spot; (b) change of realized volatility of spot 
3. Methodology 
Since the introduction of VAR model by Sim(1981), it became one of the most used methodologies in the 
researches of macroeconomic and financial market. After that, a huge extensions based on VAR model 
emerged, such as Structure VAR, Bayesian VAR or Panel Data VAR, etc... Primiceri22 proposed a time-varying 
parameter VAR model. This model is a multivariate time series model with both time varying coefficients and 
time varying variance covariance matrix of the additive innovations. The drifting coefficients are meant to 
capture possible nonlinearities or time variation in the lag structure of the model. The multivariate stochastic 
volatility is meant to capture possible heteroscedastic of the shocks and nonlinearities in the simultaneous 
relation among the variables of the model22. Because the TVP-VAR model enabled us to capture possible 
changes in the underlying structure of financial market in a robust way, it is broadly used. The model is 
specified as follow.  
1, 1 ,t t t t k t t k ty c B y B y u        1, ,t T      (3) 
ty is an 1nu vector of observed endogenous variables, ,i tB are n nu metrics of time varying coefficients, tu  
are the heteroscedastic unobservable shocks with variance covariance matrix t: . 
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and t6 is the diagonal matrix 
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It follows that  
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Stacking in a vector tB all the right hand side coeƥcients, we have 
1't t t t t ty X B A H  6          (9) 
1' [1, ' , , ' ]t n t t kX I y y            (10) 
Where  
1t t tB B v            (11) 
1t t tD D ]            (12) 
1log logt t tV V K            (13) 
All the innovations in the model are assumed to be jointly normally distributed with the following 
assumption the variance covariance matrix: 
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Bayesian methods are used to evaluate the posterior distributions of the parameters, the unobservable states, 
TB , TA , T6 and the hyperparameters of the variance matrix V. Bayesian methods deal efficiently with the high 
dimension of the parameter space and the nonlinearities of the model, splitting the original estimation problem 
in smaller and simpler ones. Here, Gibbs sampling is used for the posterior numerical evaluation of the 
parameters. Gibbs sampling is a particular variant of Markov chain Monte Carlo (MCMC) methods that 
consists of drawing from lower dimensional conditional posteriors as opposed to the high dimensional joint 
posterior of the whole parameter set22. 
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4. Empirical results 
4.1. Results of VAR model 
First, this paper built a VAR model to examine the relationship between the spot and futures markets.  
1 2t t t tRV C RV RV H '  <' )'          (15) 
< and)  are 2×2 matrixes. When the volatility of market i is the dependent variable, ij\  and ijM  represent 
the impact from the first-order and second-order lag volatility of the market j. If the off-diagonal elements of 
< and )  are significantly different from zero, there are volatility spillovers in the two markets. Diagonal 
elements of <  and )  are the first-order and second-order autocorrelation coefficients of the markets, 
respectively.  
Table 3 presents results from the VAR (2) model. The results show that, the diagonal elements of <  are 
significantly different from zero, meaning the CSI index and the CSI 300 stock index futures are both first-
order auto-correlated. The off-diagonal elements of <  are not significant, indicating the first-order lag 
volatility has no impact on both parties and there was no volatility spill-over effect within one hour. The 
diagonal elements of )  are significantly different from zero, implying the CSI index and CSI stock index 
futures are second-order auto-correlated. The off-diagonal elements of )  are significant, which shows the bi-
directional volatility spillover. 
Table 3. VAR results: volatility spillovers between futures and spot markets 
D(CSI_RV_HOUR) D(IF_RV_HOUR) 
D(CSI_RV_HOUR(-1)) -0.633755 0.050969 
[-19.4829]** [ 1.52933] 
D(CSI_RV_HOUR(-2)) -0.259111 0.068602 
[-7.98020]** [ 2.06220]** 
D(IF_RV_HOUR(-1)) -0.017043 -0.643225 
[-0.53634] [-19.7568]** 
D(IF_RV_HOUR(-2)) -0.103319 -0.402775 
[-3.26563]** [-12.4254]** 
C 4.70E-09 -4.42E-09 
[ 0.00407] [-0.00374] 
 Adj. R-squared 0.325296 0.2958 
 F-statistic 328.8492 286.6348 
 Log likelihood 22582.71 22516.69 
   
 Log likelihood 46682.9 
 
While the second-order volatility change of stock index futures has a significant negative impact on the 
stock market, the second-order volatility change of the stock market has positive impact on the stock index 
futures market. The results demonstrate that if the volatility of the stock index futures in the t-2 interval 
increases ( , 2 0if tRV ' ! ), then the volatility of the stock market in the t interval will decrease ( , 0csi tRV'  ). 
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Therefore, in the longer run, the volatility of the stock index futures market brings down the volatility of the 
stock market. 
4.2. Results of TVP-VAR model 
VAR model just shows the simple relationship, but not shows the dynamic of the relationship. Therefore, 
this paper examines the relationship further more by using TVP-VAR model. Code for TVP-VAR with 
multivariate stochastic volatility used the Carter and Kohn (1994) algorithm as implemented in Primiceri 
(2005).  
To compute the posterior estimates, this paper draw 10000 samples after the initial 5000 samples are 
discarded. Fig.3 presents the coefficients of the spot market’s realized volatility function, which show the 
impact of lag volatility of futures on the spot market. The coefficients are both negative all the time, in line 
with the results of VAR model. But the TVP-VAR model shows more. Fig.3(a) shows that the change of 
realized volatility of futures markets in time t-1, will reduce the volatility of spot markets in time t. As time 
passed, this effect enlarged, especially at the time of 1000, which is about September, 2011. After that, the 
relationship stays at almost the same level .The influence of the second lag shows the similar effect. At about 
time 1000, the influence of index future increased significantly. 
  
Fig. 3. Coefficient of futures market function: (a) coefficient of the first lag; (b) coefficient of the second lag  
  
Fig. 4. Coefficient of futures market function: (a) coefficient of the first lag; (b) coefficient of the second lag  
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Fig.4 shows the impact of spot market on the futures market. Just like the results from VAR model, the 
coefficients are positive, both at the first lag and second lag. The influence of spot market on future market 
decrease as time passed.  
In summary, both the VAR model and the TVP-VAR model show the bi-directional relationship. There is 
volatility spillover between the spot and futures markets in China. The volatility in futures market decreased 
the volatility in the spot market. This results support the hypothesis that the risk management function of the 
futures market could stable the whole market when new shock comes. What’s more important, this effect 
enlarged as time passed, which has not been found in the former researches. After about one year of the listed 
of CSI index future, the relationship became stable.  
5. Conclusions 
This paper examined the volatility spillover effects between futures market and spot market in Chinese stock 
market, using both VAR model and TVP-VAR model. In the study, we used 1-min frequency data, calculate 
realized volatility. This investigate of intraday volatility spillover effects could provide arbitrageurs, hedges or 
speculators with a further understanding in both the futures and spot market of Chinese market. 
This study shows that: 
(1) There exist bi-directional volatility spillovers between CSI futures and spot markets, suggesting that new 
information is almost reflected in spot and futures markets simultaneously. This results show that volatility in 
the spot market can influence that in the futures market and vice versa. 
(2) Both the VAR and TVP-VAR model found that the change of futures’ volatility decrease the change of 
spot market’s volatility. This results support the hypothesis that the risk management function of the futures 
market could calm the whole market when new shock comes. 
(3) The innovation of this paper is to capture the dynamic of the relationship by using the TVP-VAR model. 
The empirical results show that the influence of futures market on spot market enlarged as time passed, which 
has not been found in the former researches. To be specific, after the listed of CSI 300 index future, the 
influence of futures market enlarged, especially at the third quarter of 2011. After that, the relationship became 
stable.  
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